Background and aims Observational evidence that light-to-moderate alcohol consumption lowers mortality is
INTRODUCTION
Alcohol consumption is a leading cause of health problems, ranking among the top five risk factors for disease, disability and death throughout the world [1, 2] . Although in observational studies regular consumption of low-to-moderate amounts of alcohol has been associated with lower allcause mortality, due mainly to reduced cardiovascular deaths [3] [4] [5] , the quality of the evidence rendered by these studies has been questioned due to potential selection biases and residual confounding [6] [7] [8] [9] [10] .
One of these selection biases is the 'abstainer' bias, whereby the apparently lower mortality of moderate drinkers could be explained by the higher death risk of the abstainers, as they include ex-drinkers who quit alcohol because of poor health. One approach to reduce this bias is to remove ex-drinkers from the group of abstainers and consider them as a distinct category [3, 8, 11] , but this may create another bias from over-representation of healthier individuals among drinkers compared with non-drinkers [7] . Thus, another proposed solution to the 'abstainer' bias has been to re-classify ex-drinkers into other drinking categories according to their usual alcohol intake in the past [12] .
Another type of selection bias is the 'healthy drinker/survivor' bias, which may underestimate the risk of death among drinkers compared with non-drinkers [11] because cohort studies, particularly of older adults, over-represent healthier drinkers who could also have survived the deleterious effects of alcohol. This bias could be palliated by using occasional drinkers as the reference group in the analyses [13] [14] [15] , because it has been argued that, compared to non-drinkers, occasional drinkers may have life-style and health characteristics more similar to those observed in moderate drinkers while a biological effect of very low alcohol intake by occasional drinkers seems implausible [8, 9, 11] . Also, given that current drinking may reflect health status, this bias could also be palliated by re-classification of drinkers according to past consumption.
Also, it is possible that part of the association observed in cohort studies is due to health status influencing alcohol consumption, rather than the opposite [16] . This situation, known as reverse causation, can be addressed entirely only by experimental studies, but could be palliated by restricting the analyses to those in good health status (e.g. older adults without functional limitations) and excluding deaths occurring during the first years of followup. Finally, comparability of health behaviours and status between categories of drinkers and abstainers could be improved by adequate adjustment for potential confounders.
Recent research on the association between alcohol consumption and mortality addressing the above methodological issues has been conducted mainly in Anglo-Saxon countries [8] [9] [10] 15, [17] [18] [19] [20] . However, the drinking patterns as well as the life-style and health characteristics of drinkers versus non-drinkers in those countries could differ from those in the Mediterranean basin, where moderate wine consumption during meals is traditionally considered part of a healthy life-style for all social classes [21] .
Therefore, this work examined the association between alcohol consumption and the risk of all-cause death in community-dwelling older adults in Spain, while addressing some of the methodological issues believed to bias such a relationship. Specifically, in the analyses, ex-drinkers are removed from the abstainer group and re-classified according to life-time alcohol intake. Also, analyses exclude deaths during the first year of follow-up, are replicated in individuals without functional limitations and, in some cases, use occasional drinkers as reference. Lastly, analyses are adjusted for many covariates to reduce residual confounding.
METHODS

Study design and population
Data were taken from participants in the ENRICA study (Study on Nutrition and Cardiovascular Risk in Spain), a population-based investigation conducted between June 2008 and October 2010. Participants were selected by stratified cluster sampling of the community-dwelling adult population of Spain. Information was collected using a telephone interview to obtain data on socio-demographic factors, life-style and morbidity, and two home visits to collect biological samples, perform a physical examination and obtain a diet history [21, 22] . The response rate among individuals aged ≥ 60 was 60%, which is comparable to that in other national health examination surveys in Europe [23] . A new wave of data collection was conducted in 2012. Study participants were followed to 2017 to ascertain vital status (median follow-up of 7.8 years).
Study participants provided written informed consent, and the Clinical Research Ethics Committees of 'La Paz' University Hospital in Madrid and Hospital Clinic in Barcelona approved the study.
Study variables
Alcohol consumption
At baseline, usual consumption of alcoholic beverages in the previous year was estimated with a validated diet history, developed from the one used in the EPIC cohort study (European Prospective Investigation into Cancer and Nutrition) in Spain [21, 24] . This diet history collected information on 34 alcoholic beverages and used photographs to help quantify portion sizes. Alcohol content of each beverage was estimated using standard composition tables. In Spain, the estimated alcohol standard unit is 10 g of pure alcohol [25] .
According to the average alcohol intake, study participants were classified as: (a) never-drinkers: average alcohol intake of 0 g/day; (b) ex-drinkers: average alcohol intake of 0 g/day who answered 'I used to drink alcohol, but I quit' when asked which statement best described their alcohol consumption; (c) occasional drinkers: average alcohol intake > 0 g/day but < 1.43 g/day (equivalent to < 1 standard unit/week); (d) light drinkers: average alcohol intake ≥ 1.43 g/day but < 20 g/day for men and < 10 g/day for women, and also those with average intake of 0 g/day who answered 'I usually drink alcohol (at least once a week)' when asked which statement best described their alcohol consumption; (e) moderate drinkers: average alcohol intake ≥ 20 but < 40 g/day for men and ≥ 10 but < 24 g/day for women; and (f) heavy/binge drinkers: average alcohol intake ≥ 40 g/day for men and ≥ 24 g/day for women, and also those who reported binge drinking, defined as an intake of ≥ 80 g of alcohol in men or ≥ 60 g in women during any drinking session in the preceding 30 days [26] . Accordingly, the definitions of drinkers are based not only on average alcohol intake, but also imply the absence or presence of binge drinking.
Life-time alcohol consumption was collected by asking the participants about the amount and frequency of consumption of the main types of alcoholic beverages in each decade of their life. Based on this information, participants were re-categorized as never-drinkers, occasional drinkers, light drinkers, moderate drinkers or heavy/binge drinkers [21] .
A preference for a specific type of alcoholic beverage (wine or other) was acknowledged when more than 80% of alcohol intake was derived from such drink [21] .
Baseline information on alcohol consumption was updated with the data collected in 2012, and cumulative alcohol intake was calculated as an average of baseline and 2012 alcohol intake.
Mortality
The number and dates of deaths in the cohort from baseline (2008-10) to 30 June 2017 were ascertained using the Spanish National Death Index, a free and easily accessible database with information on all people who die in Spain [27] . The specificity of the probabilistic matching algorithm used by this tool is close to 100%. To improve sensitivity, the vital status of each participant was established in 2012, 2015 and 2017.
Potential confounders
At baseline we collected data on variables that, according to the literature, might be related to both alcohol consumption and mortality. Socio-demographic and life-style characteristics included sex, age, educational level, tobacco smoking, usual time spent watching TV and in other sedentary behaviours (sitting at the computer, sitting while commuting, lying in the sun, listening to music or reading), leisure-time physical activity expressed as metabolic equivalent (MET)-hours/week and diet quality assessed with the Mediterranean Diet Adherence Screener (MEDAS), excluding the wine component [28] .
Morbidity was ascertained by asking the study participants if they had been diagnosed previously with cardiovascular disease (myocardial infarction, stroke or heart failure), hypertension, diabetes, cancer, chronic respiratory disease (asthma or chronic bronchitis), osteomuscular disease (osteoarthritis or arthritis) or depression requiring treatment. Participants also reported the number of medications they were taking, which were checked against drug packages by study staff, and were asked to rate their health as excellent, very good, good, fair or poor by answering the question: 'In general, how would you rate your health?'.
Health was then classified as optimal (excellent, very good or good) or suboptimal (fair or poor). Functional limitations in instrumental activities of daily living (IADL) were assessed with the Lawton & Brody Scale [29] . Participants with functional limitations had a score ≤ 7 for women and ≤ 4 for men. Lastly, weight and height were measured in standardized conditions [30] and used to calculate the body mass index (BMI) as the weight in kg divided by the square of height in metres.
Statistical analysis
From the initial sample of 3511 individuals, we excluded 210 without information on alcohol consumption, 243 with missing data on potential confounders and 13 who had died in the first year of follow-up. Thus, the final analytical sample included 3045 individuals.
The association between baseline average alcohol intake (or life-time average alcohol intake) and the risk of death during follow-up was summarized with hazard ratios (HRs) and their 95% confidence intervals (CIs), obtained from Cox proportional hazards regression models, with age as time-scale and individual starting follow-up times (age at baseline) treated as staggered entries. Two Cox models were built: model 1 was adjusted for sex and educational level, while model 2 adjusted additionally for the remaining potential confounders mentioned above. Never drinkers were taken as reference group, but we conducted further analyses with occasional drinkers as reference to address the 'healthy drinker/survivor' bias. Also, we used as main exposure the baseline daily intake of alcohol standard units (as a continuous variable) as well as the cumulative (average of baseline and 2012) alcohol intake; in this case, follow-up of participants started on the date of the 2012 assessment. Analyses were conducted on several groups of participants: (a) the total study sample; (b) a subset with no IADL limitations or (c) the sample of drinkers; and (d) a subset of drinkers with no IADL limitations.
We assessed whether the study results varied with sex, age (< 75, ≥ 75) and self-reported health (optimal, suboptimal) by testing the statistical significance of interaction terms defined as the product of these variables by categories of alcohol drinking patterns, and we found no interactions. Thus, results are presented without disaggregation by those variables.
Statistical significance was set at two-sided P < 0.05. Analyses were performed with Stata ® , version 13.1.
RESULTS
A total of 327 of 3045 participants (10.7%) died during the 7.8-year follow-up. Table 1 shows the main sociodemographic, life-style and clinical characteristics of study participants at baseline according to their vital status at the end of follow-up. Compared with participants who were alive at follow-up, those who died were more frequently male, older and current or former smokers, conducted less physical activity, spent more time watching TV but less time in other sedentary behaviours and had a lower diet quality. They also reported more morbidity and medication use, worse self-reported health and more disability. Supporting information, Tables S1-2 show the characteristics of participants according to alcohol intake.
The association between alcohol intake and risk of death is shown in Table 2 (and Supporting information,  Tables S3-4 for full results on adjustment variables). Compared with never-drinkers, ex-drinkers showed a higher risk of death, both in the total sample (HR = 1.49; 95% CI = 1.03-2.14) and in the subset of participants with no functional limitations (HR = 1.68; 95% CI = 1.08-2.60). No statistically significant association was found between any of the drinker groups and the risk of death compared Ref.
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Occasional drinker with never-drinkers, either in the total study sample or in those participants without IADL limitations. When study participants were re-categorized according to life-time alcohol intake, heavy/binge drinkers showed higher mortality than never-drinkers, both in the total study sample (HR = 1.85; 95% CI = 1.07-3.23) and in the subset without IADL limitations (HR = 2.15; 95% CI = 1.09-4.22). Again, no statistically significant association was found for occasional, light or moderate drinkers, but weak evidence of an association with higher death risk was observed for moderate drinkers. When using occasional drinkers as reference, results were consistent overall (Table 2) .
Finally, when analyses were restricted to drinkers, an increase in death risk per alcohol standard unit/day was found in those without IADL limitation, both for baseline alcohol intake (HR = 1.10; 95% CI = 1.01-1.20) and for cumulative alcohol intake (HR = 1.12; 95% CI = 1.02-1.23) ( Table 3 ). Given that wine consumption has been associated specifically with lower mortality in some investigations [31] [32] [33] , we also examined this issue without finding any relationship; among drinkers, model 2 HR (95% CI) for wine versus other beverage preference was 1.20 (0.75-1.93) in the total sample, and 1.05 (0.62-1.75) in those without IADL limitations.
DISCUSSION
In this study on a representative sample of communitydwelling older adults in Spain, no evidence was found that light/moderate drinking lowers all-cause mortality. By contrast, heavy/binge drinking was associated with higher death risk, and weak evidence of an association between moderate drinking and increased death risk was found.
Also, among drinkers, a positive dose-response relationship was identified for alcohol intake.
Other studies have brought into question the protective effect of low-to moderate alcohol consumption, including a recent analysis of almost 600 000 current drinkers from 83 prospective studies [34] , which found a curvilinear positive association between alcohol consumption and all-cause mortality, with a threshold for lowest risk of approximately 100 g/week. Interestingly, the association with cardiovascular disease was J-shaped and the association with myocardial infarction was inverse. Also, a Mendelian randomization study found that individuals with a genetic predisposition to drink less alcohol (carriers of ADH1B rs1229984 A-allele) had lower levels of risk factors for cardiovascular disease, as well as a lower risk for cardiovascular disease, independently of the amount of alcohol consumed [35] . This could contribute to the beneficial effect of alcohol on cardiovascular and all-cause mortality found in previous research.
Much debate has taken place concerning the best reference group to study the association between alcohol intake and mortality. Although it has been argued that occasional drinkers may represent a more appropriate reference group [8,9,11], we did not conduct our main analyses using occasional drinkers as reference because of the small size of this group. Conversely, never-drinkers were used as reference and ex-drinkers were considered as a separate group and not in the abstainer group. In this analysis, no associations were found for occasional, light, moderate or heavy/binge drinkers, and ex-drinkers showed a higher risk of death than never-drinkers, which reflects the poorer health usually found in this group, whether or not related to alcohol consumption [4] .
Nevertheless, considering ex-drinkers as a distinct category removes ex-drinkers from the abstainer group but also from the drinker groups, and given that people usually stop drinking due to poor health, this procedure leads to an over-representation of healthier individuals among drinkers compared with non-drinkers [11] . To overcome this issue, we used information on life-time alcohol consumption and re-categorized participants according to their previous level of alcohol intake. Interestingly, a higher risk of death was observed in heavy/binge drinkers compared with never-drinkers. This result highlights the relevance of data on life-time alcohol consumption. It is possible that life-time consumption may have been subjected to more error than current use, as each recall period was 10 years long and past intake could have been influenced by current intake. However, life-time alcohol consumption provides important information, as it would allow the examination of the effects of life-time cumulative exposure to alcohol [5] .
This higher risk of death observed in heavy/binge drinkers is consistent with the increased risk of death per alcohol standard unit/day found in drinkers without IADL limitations. It has been argued that removing individuals with ill health from the analyses would bias the associations towards more favourable results for drinkers compared with non-drinkers, because the 'healthy drinker' bias is magnified [11] . In our analyses we found the opposite: risk estimates tended to be higher in the subset with no functional limitations than in the total sample, for all the categories of drinkers compared with never-drinkers. Therefore, removing participants with poor health status does not seem to have introduced additional bias; on the contrary, it has allowed some associations to become apparent, because it has probably mitigated reverse causation.
No associations were found when occasional drinkers were used as reference, not even for ex-drinkers. It has been suggested that occasional drinkers are a more appropriate reference group than life-time abstainers [8, 15] , because they appear to have life-style and health characteristics more comparable with those of regular drinkers [9] , while a poor health status has been reported for never-drinkers [36] . However, baseline characteristics of occasional drinkers in our study were more like those of neverdrinkers or even ex-drinkers than those of moderate drinkers (Supporting information, Tables S1-2), suggesting that many of them may be individuals who have reduced their alcohol intake for health reasons.
Regarding other patterns of alcohol consumption, no association between beverage preference and all-cause mortality was found in our study. Our results are in line with a meta-analysis that did not found a greater benefit of wine versus other beverages on the main cardiovascular risk factors or on the incidence of cardiovascular disease [4, 37] , but are opposed to the results of a study in young university alumni in Spain that found a beneficial effect on mortality of wine preference that was independent of other aspects of the alcohol drinking pattern [31] . Other studies have also found a higher protective effect of wine on mortality than beer or spirits [32, 33] , so whether or not wine preference has a beneficial health effect is an unresolved issue.
Strengths and limitations
Among the strengths of this study is that participants were representative of the non-institutionalized older adult population of a whole country and that they underwent a long-term follow-up. Moreover, the causes of death observed in our cohort were very similar to those of the older population of Spain during the study period; the three main causes of death in our cohort were cardiovascular disease (30.6% of all deaths), cancer (27.1%) and respiratory disease (16.6%), and the corresponding percentages for the Spanish population aged ≥ 60 years were 32.0, 25.8 and 12.2%. Also, alcohol consumption was obtained by using a validated diet history, with a Pearson correlation coefficient between the diet history and seven 24-hour recalls during 1 year for alcohol consumption of 0.65 [27] ; moreover, life-time alcohol consumption was also reported, providing an estimate of life-time cumulative exposure to alcohol.
The main limitation of this study is that it was not designed to examine the effect of alcohol consumption on mortality, so it is not powered to detect small size effects, such as those of light-to-moderate alcohol consumption on all-cause mortality found in previous studies. The small size and the few death events observed in the group of occasional drinkers may also have reduced the reliability of results that used these drinkers as reference. The traditional drinking pattern of older adults in Spain consists of consuming wine during meals [24] ; in fact, 68% study participants showed wine preference and 62% drank only with meals. This pattern tends to define two separate populations, regular drinkers and non-drinkers, making occasional drinking relatively exceptional. Perhaps occasional drinkers could be a more appropriate reference group in other cultural and geographic contexts, where drinking with meals is not the norm in older adults. Because depression has been identified as a risk factor for heavy drinking [38] , we adjusted our analyses for depression requiring treatment; however, our results may have underestimated the actual relationship, as alcohol consumption has also been shown to be causally related to depression [39, 40] . Also, despite the known interactions between alcohol consumption and tobacco smoking with the risk for cancer [41] or between alcohol consumption and socio-economic status with all-cause mortality [42] , we failed to find any of these interactions in our sample, due presumably to limited statistical power. Therefore, it is possible that our findings may not apply to higher-risk subgroups, such as heavy smokers or socio-economically disadvantaged populations. Even though we adjusted our analyses for smoking status, not accounting for the level of smoking may have led to residual confounding. An additional limitation is that lifetime alcohol consumption may not capture the transient effects of alcohol, specifically the acute effects of alcohol on injurious deaths as well as the reduction of cancer risk associated with declining alcohol intake over time. Also, we cannot entirely rule out reverse causation, despite the long follow-up period and the measures taken to reduce it, such as excluding participants who died in the first year or conducting analyses on participants with no functional limitations.
CONCLUSIONS
After accounting for potential biases (and confounders), this study did not provide evidence for the beneficial effect on all-cause mortality attributed previously to light-tomoderate alcohol consumption. It is possible that this issue could not be resolved definitively until the publication of the results from the Moderate Alcohol and Cardiovascular Health (MCH15) trial, which are expected by 2026 [43, 44] . Until then, our results have important practical implications, because they suggest that even wellfunctioning older adults cannot obtain any mortality benefit from moderate alcohol intake. Because of this, as well as the high prevalence of chronic conditions aggravated by alcohol and the frequent use of alcohol-interacting drug treatments, it is sensible that older adults, who still have potentially many years to live in acceptable health, are not advised to drink alcohol to improve their health.
Conversely, heavy/binge drinking showed a detrimental impact on mortality. Consistent with this finding, a doseresponse relationship was identified for average alcohol intake, with an increased risk of death per alcohol standard unit/day in drinkers with no functional limitations. The funding agencies had no role in study design, data analysis, interpretation of results, manuscript preparation or in the decision to submit this manuscript for publication. We declare no other interests. 
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